Agriculture is essential for Ethiopian economy while the concerns of climate change impact on agriculture in developing countries have been increasing and this impact could influence agriculture production in a variety of ways. Rising in temperature and rainfall fluctuation patterns, including the amount of rainfall could adversely affect the productivity of crops. Among the various crops cultivated in the area chickpea productivity is paramount importance. Hence, the study is aimed at characterizing the climate of the study area and its impact on chickpea production. Accordingly, for the purpose of the study, climate, soil and chickpea experimental data (Arerti variety) were collected from Debrezeit Agricultural Research Center. Whereas Mann-Kendall test and Sen's slope estimator, INISTAT+v.3.37 and Excel 2013 were used for analyzing rainfall and temperature variability including trends. Cropwat 8.0 was used to compute chickpea water requirement. The analysis results showed that the mean annual minimum and maximum temperature were 110°C and 260°C, respectively. While the mean annual total rainfall was about 830 mm with the growing period ranging from 99 to 215 days. The variability in start of the season for the stations was relatively high as compared to the end of the season. Crop water requirement of chickpea doesn't vary by planting date in the study area and the total water requirement indicated on ranged between 340.6 mm and 346.7 mm during the growing season. Whereas, the effective rainfall which is the most determinant factor for yield is very variable by planting dates.
Introduction
In Ethiopia agriculture is the backbone of the economy of the country with the majority of the population engaged in the sector [1] . It provides direct livelihood for about 83% of the population, contributing 45% of the country's gross domestic product (GDP), 87% of export earnings, and around 73% of the raw material for agro-based industries. The sector is dominated by subsistence farming where more than 95% is a rain-fed and more than 90% of it is owned by smallholder farmers [2] . The main (Meher) season crops such as cereals, pulses, and oil crops are the major stable food crops grown in Ethiopia with area coverage of 78.17%, 15.17% and 6.66% respectively [3] . Of the pulse crops, chickpea is among the major crops with greater gene bank conservation and breeding potential in the country [4] , and production potential (5 t/ha) [5] . Despite its best production potential capacity the crop has not been widely utilized in the country due to climate and other constraint factors.
The rising temperature and fluctuating rainfall patterns, including amount of rainfall could adversely affect the productivity of crops [6] . For instance, temperature is one of the most important determinants of crop growth over a range of environments [7] . Thus increase or decrease in temperature may have significant effect on the growth and yield of crops [8] . At the same time, higher temperatures increases evaporation and transpiration which could have on soil water availability and crop yield [9] . The analysis of rainfall records for long periods provides information about, cropping system, rainfall patterns and variability and used for cultivar choice, that can be grown [10] . Furthermore, the amount and temporal distribution of rainfall and other climatic factors during the growing season are critical to crop yields. Poor or excessive rainfall could induce food shortages and famine, as result Ethiopia has suffered from periodical extreme climate events manifested in the form of frequent droughts that occurred in various years (1952, 1959, 1965, 1974, 1983, 1984, 1987, 1990, 1991, 1999, 2000, 2002, and 2011) and Occasional flooding that occurred in various years (1997 and 2006) [10] which affects agriculture production and lower the GDP in Ethiopia [11] .
Past experience shows that cli mate change impacts on future agriculture especially in crop production in semi-arid area. Although Ethiopia's contribution to the global greenhouse gases emission (GHGs) is limited or almost insignificant, Ethiopian agriculture is the most susceptible and vulnerable to cli mate change [12] . This was due to its poor adaptive capacity, its dependency on rain-fed agriculture where irrigated agriculture accounting for less than 1% of the country's total cultivated land [13] . Thus, analysis of climate change impact on crop is very essential, especially in Adaa District, East Showa Zone, Central Rift Valley of Ethiopia. The area is drought prone and the people have poor adaptive capacity compared to other parts of Ethiopia. The analysis of climate change is particularly important for pulse crops mainly for chickpea, which is very sensitive to high temperature, climate variability and drought stress, especially at flowering and grain filling stages [14] . Thus, the work of this paper set out to characterizing climate of the study area and assesses the adverse effect of climate variability on chickpea production in Adaa District, East Showa Zone, to improve farmers coping mechanisms.
Material and Methods

Description of the study area
The study was conducted in Adaa District around Debrezeit Agricultural Research Centre in Ethiopia. It is located 50 km south from Addis Ababa, capital city of the country, in Oromia National Regional State, East shewa zone. Its geographical location is from 8°2 0 ' 0 " to 9°0 
Characterization of climate of the study area
The historical daily climate data of the study area such as temperature, rainfall and sunshine hours were collected starting from 1980 to 2010 from National Meteorological Agency (NMA) of Ethiopia and partially from the records obtained from Debrezeit Agricultural Research Center (DARC). Data were captured into Microsoft Excel version 2013 following the days of year entry format. In order to make the series acquiescent to further analyses, the missing data's were checked using Markov chain simulation model of INSTAT+v3.37 version. The missed values were simulated through weatherman climate software. Then, the climate characterization analyses of the study area were carried out. The INSTAT+ v3.37 software was used to characterize the start and end of rainfall, length of growing period and dry spell. The determination of these rainfall features are main component of the analyses of various climate risks and events in the growing period [15] . Potential planting date was defined as the first occasion with more than 20 mm rainfall in three days after 6 th March or 66 DOY (day of the year). First week of March was selected because most farmers in the Adaa District begin to practice land preparation for the coming main cropping season after the selected date, like other, semi-arid central rift valley areas [16] . The onset and end of main season was determined from the rainfallreference evapotranspiration (ETo) relationship. This approach was presented in a comparison of methods to determine the onset of the growing season in northern Nigeria [17] . Start of the season was the first occasion when cumulative 3 days rainfall is greater than or equal to 50% of the cumulative 5 day reference evapotranspiration and with no dry spell of consecutive more than 9 days within the following 21 days. The choice of 50% ETo as the threshold for water availability is based on experimental evidence that crop water stress becomes severe when the available water is below half the crop water demand (0.5 ETo) [18] and hence the minimum required rainfall amount of a particular date of onset should be at least half of the amount of evapotranspiration (ETo) of that particular date.
Moreover, no occurrence of consecutive more than 9 days dry spells in the next 21 days after the defined date of start of the season to create favourable condition that ensure good for land preparation, seed germination and seedling establishment [19] . For end of rainy season (EOS), the criteria are similarly with the start of the season, end of growing season was determined from rainfall reference evapotranspiration relationship. End of growing season was the cessation of rainy season plus the time required to evapotranspire 100 mm of stored soil water [20] . There was humid period, when rainfall exceeds ETo, at Adaa District. So, surplus stored soil water was available to continue the growing season beyond the cessation of the rainy season. The rainy season was assumed to close down after 30 th September or 274 DOY (day of the year) when 3 days cumulative rainfall was less than 50% of the 5day cumulative ETo when soil water balance become 0.5 [21] . Length of growing period (LGP) is a main factor in deciding on the maturity of cultivars to be grown in dissimilar rainfall regime. Therefore, LGP was considered as the period from the beginning of planting rain to the cessation of growing season. The length of growing period (LGP) was determined through subtraction of the SOS from the EOS total seasonal rainfall (mm). Therefore, this inducts the potential plant production time.
On the other hand, the dry spells were analyzed to determining distribution of rainfall and the probability of availability of rains during the critical water requirement periods of crop growth in the rains season which is said to be more reliable for chickpea production in the areas. Dry spells were described as periods with 0.85 mm of rainfall or less. Then dry spell length analysis were used the Markov Chain process, 0.85 mm rainfall as critical water requirement periods of crop growth dry spells [22] . Most farmers of the study area practiced chickpea planting in the second decade of August to September first week. Therefore, analysis was carried out for the probability of dry spell longer than at least five, seven, ten and fifteen consecutive days after the last rains days.
Determination of rainfall and temperature trends
Statistical analyses and simple linear regression analysis were performed with excel sheet and INSTAT v3.37 statistical software for estimating an unknown trend. Trends were assessed at 0.01, 0.1 and 0.05 level of significance using the Mann-Kendall trend test and Sen's slope estimator [23] . A total of monthly, seasonal and annual rainfalls were computed from daily data and trends were determined by using graphs and trend lines. At the same time from daily minimum and maximum temperature data were organized to generate monthly, seasonal and annual means, and trends were determined as in the rainfall above. The positive value indicates an upward trend and a negative value indicates a downward trend per given value or calculated time step.
Estimation of reference evapotranspiration and crop water requirement of chickpea Cropwat 8. 0 software was used to analyze the reference evapotranspiration, effective rainfall and chickpea supplementary irrigation requirement. The potential evapotranspiration was calculated from monthly minimum and maximum temperature data of 31 years using the Cropwat software method (ETO Penman calculated from temperature data). The effective rain was obtained from annual mean monthly rainfall data of the station (Dependable rainfall (FAO/AGLW formula). In addition to this, chickpea crop water requirement was analyzed based on K c (crop coefficient value) and chickpea growth stage data [24] . Besides, for chickpea crop water requirement calculation the critical depletion factor, yield response factor, plant root and planting height were based on crop water requirement and irrigation scheduling. [25] . Chickpea is mostly grown on stored soil water, its planting date was chosen according to the practice of farmers in Adaa District and the chickpea supplementary irrigation was analyzed for early, normal (planting date usually practice by the farms of the study area) and late planting date.
Results and Discussion
Annual and seasonal rainfall trend at Adaa district
The study area is characterized by unimodal rainfall type which can be seen separately in terms of crop production ( Figure 2 ). The first is the short rainy season, which extends between March to May and locally known as "Belg". The second is the long rainy season, which extends from June to September (JJAS) and locally known as kiremt. The rainfall distribution during this period annually varies between 587 to 1122.7 mm with a peak rainfall in August in the study area. The amount and distribution of annual and seasonal total rainfall, timing of onset, end dates and length of growing period (LGP) are critical information on historical rainfall changeability over an area.
The seasonal total rainfall ranged from 0 to 138.6 mm in ONDJ, whereas for FMAM ranges from 46.6 to 443.7 mm and 385.1 to 804 mm in JJAS, respectively ( Table 1 ). The CV is much higher for ONDJ (Bega season), then followed by FMAM (Belg season) and least for JJAS kiremt season). There has been high rainfall variability during Bega (ONDJ) season compared to other seasons. On the other hand, the CV is much higher for Belg total seasonal rainfall than kiremt indicating higher chronological variability of the Belg total season rainfall ( Table  2 ). The annual total rainfalls also showed high inter annual variability that ranged from 587.2 mm to 1122.7 mm. The kiremt season rainfall contributes 73.1% of the annual rainfall whereas the Belg season contributes 21.9% of the annual rainfall. The rest 5% of the annual rainfall are received during the Bega season.
The time series analysis of monthly, annual and seasonal mean rainfall total was also done to reveal the general trends of rainfall amounts over the area. Trends of seasonal monthly rainfall, minimum and maximum mean temperature and Mann-Kendall test result for trends at the study area, positive values of normalized test statistics (Z) indicate an increasing trend and negative Z values indicate decreasing trends. The rainfall trend was not significant in all months of the growing season (JJAS) except in June (p=0.1) which demonstrated an increasing trend with a magnitude of 0.78 mm per year. Even though it was not significant, the August rainfall trend has shown a decreasing trend with a magnitude of 0.33 mm per year (Table 3 ).
The mean annual rainfall increased at Adaa District in the years 1981, 1983, 1985, 1990, 1993, 1996, 1997, 1998, 1999, 2001, 2003, 2005, 2006 
Adea
Eeast shewa Ethio-Zone The probability of getting rainfall 600 mm for Barely production was 90% from June to October (JJASO). At the same time, for Teff production the probability of getting rainfall of 600 mm from July to November (JASON) was 80%, while for chickpea production the probability of getting rainfall 600 mm was less than 10% depending on the planting date of the crop from August to November (ASON) (Figure 6 ). In all case, the probability of getting higher rainfall is greater for Barely and Teff than chickpea for the last thirty years in the study area ( Figure 6 ).
Generally, understanding, the rainfall amount, distribution, start and end of the season is essential for altering the crop production system, depending on the length of growing period of the crop and its water requirement. Therefore, for the crop planted at the end of the season and short rainfall to satisfy the crop water demand under changing climate depending on the crop type and growth stage, supplementary irrigation is very crucial for getting better yield. 
Rainfall features at Adaa district
There is vulnerability and risk of crop production due to weather fluctuations and climate variability. This minimized by defining and understanding the mean onset of rainfall to start sowing and the time of cessation to determine the length of growing period (LGP), there by choosing appropriate type and variety of crops.
The analyzed rainfall long term data from 1980 to 2010 (31 years) is presented in (Table 2 As showed in Table 2, the 25 th percentile of SOS is on March 27 th (87 DOY) (once in every four years) with the upper percentile on June 10 th (157 DOY) (three times out of four years). Therefore planting earlier than April 9 (97 DOY) was possible once every four years.
The maximum (longest) end of season was 298 days of year (DOY) while the minimum (earliest) was 274 DOY which occurred around the end of September (Figure 8 ). The average end of season was 281 days of year indicating the variability was very low compared to SOS across the past 31 years in the study area, indicated by small standard deviation 7 days with CV 2.5%.
Length of growing period is the time between the SOS and EOS ( Table 2 ). The average growing length period of the study area is 154 days of year; which is the difference between the average SOS (127 DOY) and EOS (281 DOY) ( Figure 9 ). There is a strong relationship between length of the growing period and start of the rain season because the longest growing period not necessarily depends on EOS rather it depends on the SOS. This shows that the study area is characterized by long growing period. Therefore, length of growing period could not be a problem to any crop in Adaa District and hence, what could be the challenge is the occurrence of different dry spell lengths.
The length of the growing season was 122 days occurring once in four year where as 187 DOY occurring only in three out of four years at Adaa District ( Table 2) . Most of the variability in length of growing period (LGP) was explained by the start of the season (R 2 = 0.97) while it was less dependent on the end of the season (R 2 = 0.065). This was due to the reason that the end of season in the study area was more or less constant (CV = 2.5%) and hence, LGP becomes dependent on the onset of rainfall (Table 2) . That means if the onset date is early the LGP becomes long while the reverse if it starts late. The LGP was strongly correlated with SOS (r = -0.98) whereas weakly correlated with EOS (r = -0.25). Similar results have been pointed by Kassie et al. [26] in Zeway, Ethiopia.
On the other hand, according to Figure 9 there is a great variation in the length of growing period in the study area. Therefore, early onset date of the season suggested that planting long cycle crops whereas if the length of growing period (LGP) is very important for analysing the risk level of the season and for considering different adaption option in the study area.
Length of growing period LGP is describing the period during which crop growth is not affected by climatic constraints, i.e. the period of the year when water availability allows crop growth in which rainfall exceeds levels of evapotranspiration and when the temperature is not limiting crop growth is the most useful for agricultural production. Chickpea is sensitive to water logging [27] . For the reason that, in Ethiopia this crop is planted on conserved soil moisture starting from the second decade of August to first week of September, at which time the water logging problem has recede and drought stress is about to set in. On the other hand chickpea requires 100 days (length of growing period) starting from initial too late development stage [24] . The season starts from March 6 (66 DOY) and ends ahead of 30 th September. However, using the onset and cessation of rainfall criteria's, it was difficult to capture the length of growing period for chickpea, as it is mainly sown at the end of the growing season. Hence, as an alternative, crop water requirement of the chickpea was determined for each growth stage and then estimated the likely impact of soil moisture stress.
Probability of dry spell in Adaa district
Most legume crops are sensitive to drought at a particular growth stage. Estimation of risk of dry spells over the growing period can help for adjusting planting time so that the sensitive period of the crop could be synchronized with the water availability period [28] . These give insight into the risk related to dry spell lengths during the entire growing season. In addition, the reason behind including the dry spell length conditions into the later month of the growing season is to provide a complete picture of how the dry spell length of various magnitudes are distributed during the entire gr owing season and to examine the associated risk at the site. The overall risk of dry spells from the beginning of March (DOY 66) to end of September (DOY 274) in Adaa District over the 30 years period considering chance of occurrence exceeding 5, 7, 10 or 15 days are showed in (Figure 10 ).
The maximum unconditional risk of dry spells with length of more than 5, 7, 10, and 15 days at the beginning of March were 99%, 94%, 70% and 30%, respectively whereas the corresponding dry spell length for mid of April were 99%, 91%, 65% and 26% respectively. The probability of dry spells of 5, 7 and 10 days decreased gradually starting from June 21 st until the peak rainy period during July and August. The probability of occurrence of short dry spell days is higher than the prolonged dry spells (Figure 10 ). The probability of occurrence of five days dry spell is the highest, followed by seven and ten dry spells in the growing season. Despite the highest probability of occurrence, its consequence on crop yield may be negligible compared to the longer dry spells. The probability of 10 and 15 days dry spells occurrence become less than 10% from mid-June to end of August. The occurrence dry spell probability of 5, 7, 10 and 15 were rose from first week September to end of September and during this period chickpea is the dominant crop left in the field based on the local practice in the study area. The probability of 5 and 7 days dry spells were greater than 50% starting from mid-August to the begging of September which is a time that most people in the study area usually sow chickpea. Similarly, the probability of 10 and 15 days dry spells were greater than 50% starting from the first week of September as shown in Figure 11 . The occurrences of dry spell length and its consequence increase in evapotranspiration as well as loss of soil moisture. As a result the chickpea crop water requirement increased and supplementary irrigation will require. Moreover, starting from September 29 the probability of longer dry spells increased rapidly, which indicates the seriousness of drought immediately after the cessation of rainfall at Adaa District.
Therefore, farmers who have access to supplementary irrigation could cope up with risks of longer dry spells [29] . If a farmer cannot decide to cop up with risks of 10 to 15 longer dry spells after a potential planting date (called risk averse), he/she has to wait until all dry spells probabilities attains minimum values. There is also the probability of evapotranspiration which become increasing and the probability of moisture stress to crop could be very high. As indicated by Kindie and Walker [24] , dry spell analyses are important for farm level agricultural decisions like choice of crop or variety and crop management practices. Hence, it is a key indicator for choosing adaptation option depending on the length of growing period and probability of dry spell length. It is important for chickpea cultivator farmers to know the dry spell length from start of the season to end of the season to decide an appropriate cultivar and planting date. During chickpea flowering and pod setting usually chickpea growers face shortage of moisture in the study area. So getting advisory services on dry spell length and end of the rain season is very crucial, especially for the farmers, who have no access to supplementary irrigation. Deep black soils could support a crop through longer dry spells of 15 and 20 days, whereas sand soils could support only through breaks of 7 to 10 days [30] . These necessitate farmers and/ or planners at Adaa District to design water conservation practices and/ or adoption of early maturing or drought tolerant crops/varieties. 
Minimum and maximum temperature trend at Adaa district
The observed historical data shows that the minimum temperature is below 9.1°C during October to January months which represent a relatively cold period. The minimum temperature values (>10.0°C) and the annual average minimum temperature (13.01°C) are observed from March to June, whereas the maximum temperature reaches 27.4°C during January to May (Figure 11 ). Generally there is variation of both minimum and maximum temperature in the study area throughout the year.
According to the Mann-Kendall trend test, the maximum temperature revealed an increasing trend in the kiremt season (JJAS), however, neither of them was significant except in September (p=0.05). In this month, the maximum temperature has slightly increased.
Besides, the minimum temperature was increased in all months of the kiremt season at p=0.1. Especially the temperature in August was significant at p=0.01 (Table 3) .
Seasonal maximum and minimum temperature trend
The seasonal maximum temperature of Belg season varies between 27.71°C to 28.66°C. Whereas in the year 2003 the Belg seasonal maximum temperature increases up to 30°C and it decreases slightly ( Figure 12) . As a result, the variation of temperature has its own impact on agricultural land preparation and crop production.
According to Figure 12 , above, Kermit (JJAS) seasonal maximum temperature varied between 24.03°C to 27.39°C for the last 31 years. Consequently this indicated that high evapotranspiration in the Note: T min stands for minimum temperature and T max for maximum temperature.
area, which results shortage of moisture stress for crop growth and development, which is not suitable for chickpea production. For instance, drought may cause complete crop failure or reduction in biomass and yield [31] . On the other hand, biotic stresses which lead to yield reduction and instability are such as Ascochyta blight, Rhizoctonia root rot, Fusarium wilt, white mold, bacterial blight and certain viruses were possible disease problems in chickpea production occurred as result of temperature and rainfall variation [32] . Starting from 1980 to 2010 the minimum temperature varied between 10.93°C and 13.38°C. The Kermit season showed in Figure  14 , that there was slight variation on Kermit (JJAS) seasonal minimum temperature between 12.62°C to 13.4°C in the production area with an increasing trend per year with minimum values of variation ( Figure 13 )
Rainfall, effective rainfall and reference evapotranspiration
Mean monthly evapotranspiration rate of Adaa District ranges between 116.4 to 154.2 mm/month. The lower monthly evapotranspiration was occurred in the months of June (122.1 mm), July (116.4 mm) and August (127.5 mm). During this time, the annual mean monthly rainfall varies between 95 mm to 206.3 mm, whereas during lower evapotranspiration the total rainfall of (JJA) was 504.2 mm for the reason that ETo were very low in Adaa District. The monthly evapotranspiration of October, November, December, January and February was similar. On the other hand, the reference evapotranspiration was higher in April (154.2 mm) than the rest month of the year (Figure 14) . The assessment shows that evapotranspiration is higher in the dry months, is the same as the high temperature observed in these months. Even though there is high moisture in the wet months; 
Crop water requirement, effective rainfall and irrigation requirement
The comparison of crop water requirement, effective rainfall and Irrigation requirement of chickpea are presented in Figure 15 .
The crop water requirement of chickpea doesn't vary by plantation date (almost the same). In the study area, the total water requirement indicated on Table 4 ranges between 340.6 mm and 346.7 mm during the growing season. Effective rain, which is the most determinant factor for yield was very variable by planting dates. Considering July planting date, the effective rainfall was 257.5 mm; however, if the planting date is shifted to August, the effective rainfall was decreased by 42% compared to July planting. The effective rain was very low (38 mm) in September planting date which even hinders the growth of chickpea in the area, unless supported by irrigation.
The difference between the crop water requirement and effective rain demonstrates that chickpea needs supplementary irrigation with existing cultural practices of farmers. However, the amount of irrigation that needs to be supplemented depends on the planting dates. Planting on September, August and July needs about 292.7 mm, 258.9 mm and 158.4 mm supplementary irrigation respectively (Table 4 ). The water requirement of crops varies by their growth stages. Hence, what matters for yield may not be the total amount of rainfall in the growing period, but the distribution of the rainfall throughout the critical growth stages of chickpea production?
The most critical growth stages of most crops including chickpea are the mid and development growth stages (flowering and filling seeds stages) [10] . About 40% of the total crop water requirement was used in the mid growth stage which reveals sensitivity of the crop to water stress during this phase. Therefore, if the crop water requirement is not fulfilled in the mid growth stage there will be more likely to decrease yield. The development stage holds about 22.5% of the water required during the growing period of chickpea and hence, it is the second water stress sensitive growth stage of the crop. The remaining initial and late growth stages are less sensitive to moisture stress. In August and September planting dates, the effective rain was very small (almost none) in the mid growth stage (Figure 15 ). However, in the development stage the effective rain of August planting (57.5 mm) was higher than September planting (17.3 mm) and therefore, this could be the reason why planting in August gives better yield than planting on September. To the contrary, the effective rain was better in all growth stages of the crop in the early planting (July 20 th ) and hence, provides better yield with less supplementary irrigation ( Figure 15 ).
Generally, this analysis indicates that planting date was very important in fulfilment of the crop water requirements of the critical crop growth stages. As both the normal and late planting dates extend the length of growing period (particularly the mid and development stages) to more dry periods, early planting was found preferable in providing a reasonable yield of chickpeas. However, as chickpea is sensitive to water logging (depends on soil type), increasing the soil water percolation capacity, practicing proper drainage (like raised bed) could reduce the negative impact. Therefore, released water depending on the slop of the land through drainage can be collected in a pond so that it will be used later in the moisture stressed growth stages of chickpea.
Conclusion
As a final point, the historical long term climate data analyzed from 1980 to 2010 indicates that there was variability in rainfall features like start of season (SOS), end of season (EOS) and Length of growing period (LGP) for the study area. The average growing length of the study area is 154 days of year. There is a strong relationship between length of the growing period and start of the rain season. The 5, 7, 10 and 15 days dry spell probability occurrence rise from mid-August to end of September when chickpea is dominantly cover the field based on the local practice in the study area. The mean annual rainfall varied between 587.2 mm to 1122.7 mm but the rainfall trend was not significant in all months of the growing season (JJAS) except in June. On the other hand, the annual average minimum and maximum temperature were 13.01°C and 24.6°C respectively. Even if the water requirement of crops varied by the growth stages. The most critical growth stages of chickpea are the mid and development growth stage, which 62.5% of the total crop water requirement was used in the mid growth stage, while the remaining initial and late growth stages are less sensitive to moisture stress. Moreover, this analysis indicated that planting date was very vital in fulfilment of the chickpea crop water requirements during its critical crop growth stages.
